The successful establishment of a forest restoration program depends of the seedling quality, and the choice of substrate and growing environment plays a significant role in the production of high-quality seedlings. A study was conducted to evaluate the production of croada seedlings (Mouriri elliptica Mart.) grown in thirteen substrate combinations and subjected to two production nurseries constructed with black shading screen (Sombrite®) and aluminized thermal-reflective screen (Aluminet®). The substrates were prepared from different proportions of bovine manure, soil, vermiculite, and sand. In each protected environment, the thirteen different substrate compositions were arranged in a completely randomized design with five replicates of the five seedlings each. Because there was no replication of the cultivation environments, the joint analysis was carried out, allowing the comparison of the environments in the factorial scheme 2 × 13 (two environments × thirteen substrates). Growth and quality of seedlings were measured at 188 days. Seedling production environment has no effect on the germination and emergence process of the seedlings, but the growth and quality of the seedlings can be improved when grown in the nursery with black shading screen. Substrates containing low proportion of bovine manure (from 10 to 30%) and high proportion of vermiculite (from 30 to 40%) resulted in high-quality croada seedlings.
Introduction
The Brazilian tropical savanna region (Cerrado) occupies an area of 204 million hectares of Central Brazil, representing about 23% of the national territory and has one of the most extensive biodiversity of Brazilian fauna and flora. Over four thousand identified local plant species, including almost all of the herbaceous species, are thought to be endemic to the Cerrado region (Ferreira et al., 2017) . Among the native fruit species of this region, Mouriri elliptica Mart. have been widely exploited by extractive and predatory activity (Cardoso, Cardoso & Brito, 2015) , which has threatened their preservation and natural propagation in the Cerrado. Thus, it is necessary to intensify the researches with this species to avoid its extinction and ensure its preservation.
Mouriri elliptica Mart., commonly known in Brazil as "croada", "croadinha", "coroa de frade", "puçá" or "puçazeiro", is a perennial tropical fruit tree of the family Melastomataceae, typical of the Brazilian Cerrado (D. B. Silva, A. S. Silva, Junqueira, & Andrade, 2001) . It produces nutritious fruits that contain high levels of antioxidant compounds, which can be consumed in natura or processed into juices, jellies, jams, and ice creams (Rufino et al., 2010) . This non-traditional fruit species has significant potential for food and medicine use (Silva et al., 2001 ) and can be used in the restoration and preservation programs of forest areas. However, studies on the appropriate technologies for the production of croada seedlings are scarce.
The successful establishment of a forest plantation for commercial or conservation purposes depends on the seedling quality produced (Grossnickle & MacDonald, 2018) , and the choice of substrate and growing environment conditions plays a significant role in the production of high-quality seedlings (Costa, Dias, Lopes, Binotti, & Cardoso, 2015; Arrua, Costa, Bardiviesso, Nascimento, & Binotti, 2016; Silva, Costa, Salles, Binotti, & Benett, 2018) . The quality of seedling is important for obtaining vigorous plants in the field. The production of quality seedlings requires cultivation techniques in protected environments capable of providing ideal conditions for the adequate growth of the species in a relatively short period of time (L. C. Oliveira, Costa, A. D. Oliveira, & Jorge, 2014; Silva, Nascimento, Andrade, Baracuhy, & Lima, 2014) . According to Grossnickle and MacDonald (2018) , the shoot and root system of the seedlings must be large enough and in balance so that the seedlings have a high probability of establishing and competing successfully in the field.
The production of seedlings in protected environments can improve the quality and sanity of the plants due to the improvement of environmental conditions such as temperature, humidity, and light intensity during all seasons of the year. Silva et al. (2018) studied the initial growth of achachairu seedlings (Garcinia humilis Vahl.) in two production environments with 50% shading, showed that nursery with aluminized thermal-reflective screen produced better quality seedlings when compared to the nursery with black shading screen. However, when poorly managed, these protected nurseries can cause adverse effects, such as high heating or low light intensity, which impairs plant growth. Indeed, Campos and Uchida (2002) showed that the production of jatoba (Hymenaea courbaril L.) in a seedling production nursery with 70% shading screen impaired plant growth. Therefore, studies that aim to identify the best protected nursery for the production of croada seedlings are important to optimize growth and quality of the seedlings.
The substrate is another factor that influences the quality of the forest species and fruit tree seedlings. The substrate should provide adequate physical, chemical and biological conditions for seedling emergence and growth, such as good aeration, water retention, nutrient availability, and pathogen free (Santos, Costa, Leal, Nardelli & Souza, 2011) . Each fruit tree species responds differently to the composition of substrate used, and studies aiming to identify the best combinations of material in the substrate composition are important to improve the growth and quality of the seedlings. Arrua et al. (2016) evaluating different substrates for the production of mangaba seedlings (Hancornia Speciosa Gomez) under two protected environments, reported that the mixture of bovine manure: soil: vermiculite: sand (2:3:4:1) resulted in better quality seedlings in the seedling nursery with aluminized thermal-reflective screen, whereas in the nursery with black shading screen the growth of plants was enhanced with mixture of bovine manure: soil: vermiculite: sand (1:3:2:4). The use of substrate based on the mixture of soil: sand: bovine manure (1:2:1) improved the growth and quality of jatoba seedlings (Carvalho Filho, Arrigoni-Blank, Blank, & Rangel, 2003 ).
An improved understanding of appropriate technologies for the production of croada seedlings is essential to contribute to the preservation of the species and to expand commercial planting and forest restoration programs. This study aimed to evaluate the effects of seedling production nurseries constructed with black shading screen or aluminized thermal-reflective screen, and thirteen substrate combinations for the production of croada seedlings (Mouriri elliptica Mart.).
Material and Methods

Plant Material and Growth Conditions
The experiments were conducted at the State University of Mato Grosso do Sul (UEMS), in Cassilândia, MS, Brazil (19°07′21″ S, 51°43′15″ W, and 516 m altitude), from November 2014 to May 2015. The regional climate according to the Köppen classification is Aw, characterized as tropical climate with hot summers and a tendency towards high rainfall levels, and dry winters, with a dry season between May and September. The 30-year mean annual temperature is 24.1 °C with a July minimum of 16.4 °C and a January maximum of 28.6 °C, and mean annual rainfall of 1,520 mm (INMET, 2019) .
Seeds of Mouriri elliptica ("croada") were extracted from mature fruits collected from trees established in a savannah area of the municipality of Alcinópolis, located in the north region of the State of Mato Grosso do Sul, Brazil (18°16′59″ S, 53°40′235″ W, and altitude of 440 m), during the rainy season, in November 2014. The seeds were extracted by hand, washed in tap water and placed to dry in the shade for a period of 7 days. Before use, the fresh bovine manure was subjected to aerobic composting for 30 days. The composted material was then dried, homogenized, and sifted through a 3.70 mm mesh. The soil was collected from the 0 to 40 cm depth layer in an Arenic Entisol with 140 g kg -1 of clay, 50 g kg -1 of silt, and 810 g kg -1 of sand. The vermiculite and sand were purchased from commercial companies. Bovine manure and soil were chemically characterized as shown in Table 2 . After sowing, the plastic bags were taken to the production environments. The two protected environments used for the production of croada seedlings were: (i) agricultural shading screenhouse with galvanized steel structure, measuring 8.00 m width by 18.00 m length and 3.50 m high, closing at 45 degrees, with black shading screen (Sombrite®) on the sides and roof providing 50% of shade (A1); and (ii) agricultural shading screenhouse with galvanized steel structure, measuring 8.00 m width by 18.00 m length and 4.00 m high, closing at 90 degrees, with black shading screen on the sides and aluminized thermal-reflective screen (Aluminet®) on the roof both providing 50% of shade (A2). The seedlings were watered daily. The irrigation was performed with manual watering, trying not to soak the substrates and to maintain them inadequate conditions for root development (field capacity). The seedlings production was 188 days.
The data of air temperature (°C), relative humidity (%), global solar radiation (W m -2 ), and total and diffuse photosynthetically active radiation (µmol m -2 s -1 programmed to perform readings at 10-second intervals with averages every minute. For the radiations, the daily average was calculated from 8:00 to 18:00 hours. Data collected during the experiments are shown in Table 3 . 
Growth Measurement and Seedling Quality Indexes
The number of emerged seedlings was recorded weekly, and the final emergence percentage was determined after the 93rd day. The emergence speed index (ESI, in seedling day -1 ) was calculated using Maguire's equation (Maguire, 1962) :
where, ni is the number of emerged seedlings on a given day, and ti is the time in days from the sowing day (0). The plant height (PH, in cm) was measured using a millimeter ruler at 108, 138 and 188 days after sowing.
At 188 days after sowing, the plants were removed from the containers and washed with water to remove substrate adhered to the roots. The stem diameter (SD, in mm) was measured using a digital caliper (Park Tool DC1: 150 mm), with an accuracy of ±0.01 mm. The plants then were separated into leaves, stem, and roots, oven-dried at 65 ºC for three days and then weighed.
The results of shoot dry matter (SDM) and root dry matter (RDM) were expressed in grams per plant. From these measurements were calculated total dry matter (TDM), shoot:root dry matter ratio, height:diameter ratio, height:shoot dry matter ratio and Dickson quality index (Dickson, Leaf, & Hosner, 1960) :
Experimental Design and Statistical Analysis
Each protected environment was considered an individual experiment. In each one, the thirteen different substrate compositions were arranged in a completely randomized design with five replicates of the five seedlings each. The protected environments were available by a factorial scheme 2 × 13 (two environments × jas.ccsenet.org
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The data were subjected to analysis of variance (F-test, p = 0.05). The means of protected environments were compared by the F and substrates were compared by the Scott-Knott test, both at the 5% probability level. All analyses were performed by Sisvar software (Ferreira, 2010) .
Results and Discussion
The results of the individual analysis showed that the ratio between the residual mean square (RMSr) of the two production environments was less than 7.0 for all traits measured. Therefore, as there was homogeneity between the residual mean square variances, the comparison of production environments was performed by the joint analysis of the two experiments (Banzatto & Kronka, 2013) .
The emergence speed index (ESI) and emergence percentage (E) of croada seedlings were not affected (p > 0.05) by the production environments, while the highest number of leaves and stem diameter was observed in the production environment constructed with black shading screen, as shown in Table 4 . This production environment also resulted in higher plant height at 108, 138 and 188 days according to Table 5 . These results indicate that the production environment has no effect on the germination and emergence process of the seedlings, but the initial growth of the seedlings can be improved when grown in the nursery with black shading screen. Note. Mean followed by distinct letters for the factors production environments and substrates show significant differences by Scott-Knott and F test, respectively, both at the 5% probability level. CV: coefficient of variation; RMSr: ratio between the residual mean square of individual analyses of the two production environments. P value: calculated probability. † For abbreviations of the substrates see Table 1 . Note. Mean followed by distinct letters for the factors production environments and substrates show significant differences by Scott-Knott and F test, respectively, both at the 5% probability level. CV: coefficient of variation; RMSr: ratio between the residual mean square of individual analyses of the two production environments. P value: calculated probability. † For abbreviations of the substrates see Table 1 . Costa et al. (2015) also obtained better quality baru seedlings (Dipteryx alata Vog.) when grown in an environment with black shading screen in comparison to the environment with aluminized thermal-reflective screen. However, contrary results were reported in achachairu seedlings (Garcinia humilis Vahl.) by Silva et al. (2018) , who showed that nursery with aluminized thermal-reflective screen produced better quality seedlings when compared to the nursery with black shading screen.
The highest growth of croada plants in the environment with black shading screen may be due to the fact that this species is adapted to the conditions of shaded environments (Lorenzi, 2009) . In this environment, there was a lower incidence of global solar radiation and diffuse photosynthetically active radiation inside the seedling nursery as shown in Table 3 , which resulted in more adequate conditions for seedling when compared to the environment with aluminized thermal-reflective screen.
The highest emergence speed indexes of the croada seedlings were obtained with the use of substrates S1, S2, S3, S4, S7, S10, and S12, as shown in Table 4 . These results showed that substrates containing the highest proportions of bovine manure (from 20% to 50%) improved the seed speed index; although the seedling emergence percentage was not influenced by the different substrate compositions (Table 4 ).
The higher emergence speed index obtained with the substrates containing the highest proportions of bovine manure may be due to the greater water retention capacity of this material, which improved the water imbibition of the seeds. The substrate containing bovine manure in its composition was also more suitable for the production of grugru palm seedlings [Acrocomia aculeata (Jacq.) Lodd. ex Mart.] (Costa, Martins, Faria, Jorge, & Leal, 2014) .
The mean emergence rate of the croada seedlings was 57%, as shown in Table 4 . Similar emergence rate was observed for other species of the Brazilian Cerrado, as for mangaba seeds with 51% (Arrua et al. 2016 ) and baru seeds with 66% . Evaluating the germination process of croada, Lima et al. (2016) reported that this species has an average emergence rate of 50-60% due to seed dormancy. These authors showed that the seed emergence rate can be increased by soaking in water for 48 hours. Some species of cerrado fruit trees present problems such as slow and uneven germination (Silva et al., 2001) . Therefore, the use of techniques that overcome seed dormancy becomes essential for the production of seedlings.
Substrates containing the highest proportions of bovine manure (i.e., S1, S2, S6, S7, and S10) resulted in the highest number of leaves per plant, according to Table 4 . In turn, the substrate S13 containing a low proportion of bovine manure (10%) and a higher proportion of medium grain vermiculite (40%) produced seedlings with smaller stem diameter when compared to the other substrates (Table 4) . These results confirm those reported by Costa et al. (2015) , which showed that the substrates containing the lowest proportion of bovine manure (i.e., 10-20%) resulted in a lower number of leaves and stem diameter of the baru seedlings.
The higher plant height up to 188 days was obtained with substrates containing the highest proportions of bovine manure as shown in Table 5 . These results showed that bovine manure constitutes an excellent material to be used in the formulation of alternative substrates since it is an important source of mineral nutrients for plants according to Table 2 . Therefore, substrates containing only 10% of bovine manure (i.e., S5, S9, and S13) should not be used for the production of croada seedlings because they resulted in lower plant growth (Table 5 ).
The increase in plant growth, when grown on substrate containing higher proportion of bovine manure, was also reported for grugru palm seedlings , and achachairu seedlings (Silva et al., 2018) . According to Santos et al. (2011) , the substrate should provide appropriate physicochemical conditions for seedling emergence and growth, such as adequate aeration, water retention, and nutrient availability.
The height: diameter ratio (HDR) of croada seedlings were not affected (p > 0.05) by the different production environments and substrate combinations according to Table 5 . Plant height and stem diameter are variables that can be easily measured, and the combination of these morphological characteristics can be used to measure the seedling quality in the nurseries (Tsakaldimi, Ganatsas, & Jacobs, 2012) . Therefore, the height: diameter ratio has been considered one of the most important parameters to estimate the quality and survival of the seedlings in the field.
In general, a value of HDR less than 6.0 indicates that the plant is more vigorous and rustic with a higher probability of survival after planting in the field (Grossnickle & MacDonald, 2018) . On the other hand, a value greater than 6.0 is not desirable because it is an indication that the plant is etiolated. Therefore, based on this inference, it can be seen that the croada seedlings produced in the S6 and S10 substrates had a ratio slightly less than 6.0, indicating the stretching of the plants (Table 5) . On the other hand, that the other substrates produced croada seedlings with the best indices of rusticity. Gomes and Paiva (2011) explain that the lower the RAM, the seedling will have a greater capacity for survival in the field, besides being a more lignified seedling.
The shoot dry matter production of the plants grown in the environment with thermal-reflective screen was higher with the use of substrates S4, S5, S7, S8 and S11, whereas in the environment with black shading screen the highest shoot dry matter production was obtained with the substrates S1, S2, S3, S4, S5, S7, S9, and S10 as shown in Table 6 . The substrates S4, S5 and S7 containing 10 to 30% bovine manure and low proportion of medium grain vermiculite resulted in seedlings with higher shoot dry matter in both production environments.
The highest dry matter accumulation of the roots in the environment with black shading screen was obtained with the substrates S2, S3, S5, S7 and S9, while in the environment with thermal-reflective screen the highest root dry matter was obtained with the substrates S4, S5, S7, S8, S9, S10 and S11 (Table 6 ). In general, substrates containing less than 30% of bovine manure and a low proportion of medium grain vermiculite resulted in seedlings with higher root dry matter accumulation. These results are similar to those obtained in baru seedlings (Costa et al., 2015) and mangaba (Arrua et al., 2016) . Note. Mean followed by distinct uppercase letters, in the rows between production environments, or distinct lowercase letters, in the columns for the substrates, in each variable, show significant differences by F and Scott-Knott test, respectively, both at the 5% probability level. CV: coefficient of variation; RMSr: ratio between the residual mean square of individual analyses of the two production environments. P value: calculated probability. † For abbreviations of the substrates see Table 1 .
Seedlings growing in the substrates S1, S2, S3, and S9 presented higher shoot, root and total dry matter in the environment with black shading screen when compared to the environment with aluminized thermal-reflective screen, as shown in Table 6 . The highest dry matter accumulation of croada seedlings in the environment with black shading screen was due to the lower light intensity inside the seedling nursery, according to Table 3 , which improved plant growth. Similar results were reported by Costa et al. (2015) , which obtained a greater accumulation of dry matter in the baru seedlings exposed to the environment with black shading screen in comparison to the environment with aluminized screen.
However, contrary results were shown for other fruit species of the cerrado, where the environment with aluminized screen resulted in greater dry matter accumulation of the achachairu seedlings (Silva et al., 2018) . Each fruit species responds differently to the growing environment of the seedlings, and the light intensity is one of the main factors of the environment that can alter the plant growth rate. Based on the results presented here, it is verified that the croada seedlings have a better adaptation to the environmental conditions of less light intensity.
The shoot: root dry matter ratio (SRR) of croada seedlings was influenced (p > 0.05) by the different production environments and substrate combinations, as shown in Table 7 . The SRR of the plants grown in the environment with thermal-reflective screen was higher with the use of substrates S6, S7, S8, and S12, whereas in the environment with black shading screen the highest SRR was obtained with the substrates S1, S4, S5, and S10 (Table 7) . It can be observed that in both production environments, the SRR was between 1.0 and 2.0, indicating an adequate dry matter distribution of shoots and roots.
The shoot: root ratio should not exceed 2:1 for most fruit tree species, and is a useful indirect measure of the balance between the transpiration area versus the water absorption area. The shoot and root system of the seedlings must be large enough and in balance so that the seedlings have a high probability of establishing and competing successfully in the field (Grossnickle & MacDonald, 2018) . Note. Mean followed by distinct uppercase letters, in the rows between production environments, or distinct lowercase letters, in the columns for the substrates, in each variable, show significant differences by F and Scott-Knott test, respectively, both at the 5% probability level. CV: coefficient of variation; RMSr: ratio between the residual mean square of individual analyses of the two production environments. P value: calculated probability. † For abbreviations of the substrates see Table 1 .
When the seedlings were exposed to the environment with thermal-reflective screen, the height: shoot dry matter ratio (HSR) was significantly higher with the substrates S1, S2, S3, S6, and S10 (Table 7 ). In the environments with black shading screen, the HSR was significantly greater with the substrate S6 and lower for the substrates S1, S2, S3, S4, S5, S9, S10, and S13 (Table 7) .
The Dickson quality index (DQI) of the seedlings grown in the environment with thermal-reflective screen was higher with the use of substrates S4, S5, S7, S8, S9, S10, and S11, whereas in the environment with black shading screen the highest DQI was obtained with the substrates S2, S5, and S9 (Table 7) . Among the environments, the substrate S11 produced seedlings of higher DQI in the environment with aluminized thermal-reflective screen, while the substrates S2, S3, and S9 produced seedlings of higher DQI in the environment with black shading screen (Table 7) . Substrates S5 and S9 containing only 10% of bovine manure resulted in seedlings with higher DQI in both production environments.
These results indicate that low proportion of manure in the substrate resulted in a more balanced growth between the shoots and the root system of the seedlings, giving a higher quality of the seedlings. In mangaba seedlings, Arrua et al. (2016) also showed that substrates containing lower proportion of bovine manure resulted in higher quality seedlings, as reported by higher DQI value.
In summary, substrates containing a low proportion of bovine manure (10 to 30%) and high proportion of vermiculite (30 to 40%) resulted in higher quality seedlings. This is an indication that the croada, a species of Cerrado fruit tree, has a low-medium nutrient requirement during the seedling production phase.
Conclusion
Higher quality croada seedlings are produced in growing environments with black shading screens. Croada plants have a positive growth response with the use of up to 30% of bovine manure and 40% vermiculite in the substrate composition.
